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Surgical Outcomes of Acute Appendicitis in
High- Middle- and Low-Income Countries
Acute appendicitis (AA) is the most common gastro-
intestinal surgical emergency. Interestingly, a recent
study has showed that the incidence of AA in the 21st
century has stabilized in high-income countries but
has increased in low- and middle-income countries.1
The epidemiological transition in addition to the in-
creasing urbanization of the society requires a health
system that is capable of delivering emergency sur-
gery. Unfortunately, the ability to deliver essential
surgical care varies significantly among high-, middle-
and low-income countries. We hypothesized that there
is significantly increased morbidity and mortality after
AA in resource-poor settings. Therefore, we aimed
to compare the outcomes of AA in patients managed
in a high-income (United States), in a middle-income
(Argentina), and in a low-income country (Malawi).
We performed a retrospective analysis of a consec-
utive series of adult patients ($18 years old) who
underwent appendectomy for suspected AA between
January 1, 2013, and December 31, 2015, at three
different institutions: University of North Carolina
(UNC) in the United States, Hospital Alemán of Bue-
nos Aires (HA) in Argentina, and Kamuzu Central
Hospital (KCH) in Malawi. Collected data variables
included demographic characteristics, diagnostic im-
aging modality obtained, time from symptom onset to
presentation at the hospital, time from presentation to
surgical intervention, type of surgery performed, hos-
pital length of stay (LOS), and mortality.
Categorical variables were compared by chi-squared
test and continuous variables with the Student’s t test.
Time to hospital presentation, time to surgery, and LOS
were evaluated with Wilcoxon rank-sum tests as the
outcomes did not have a normal distribution. All ana-
lyses were performed using Stata Statistical Software:
Release 14. College Station, TX, and a P value < 0.05
was considered significant for all the statistical methods.
A total of 999 patients were included in the study,
611 (61.2%) from UNC, 261 (26.1%) from HA, and
127 (12.7%) from KCH. Patient demographics and
preoperative variables are summarized in Table 1.
Patients at KCH presented to the hospital signifi-
cantly later than patients who presented at UNC. The
median time from symptom onset to presentation at the
hospital was 24 hours (IQR: 12–48 hours) at UNC and
75 hours (IQR: 31–144 hours) at KCH, P < 0.001. This
time variable could not be retrieved for patients at HA.
The patients at KCH had also significantly longer time
from hospital presentation to surgical intervention. At
UNC and HA, 95.8 per cent and 90 per cent of patients
with AAwere operated within 24 hours of presentation
to the hospital, respectively. By contrast, only 67.9 per
cent of patients with AA at KCH had operative in-
tervention within 24 hours of presentation.
All patients at KCH underwent an open appendec-
tomy, while a laparoscopic appendectomy was per-
formed in 560 (91.7%) and 260 (99.6%) of the patients
at UNC and HA, respectively. The median LOSwas one
day (IQR: 1–2 days) at UNC, one day (IQR: 1–1 days)
at HA, and seven days (IQR: 4–9 days) at KCH. Al-
though there was no mortality at UNC and HA, nine
(7.1%) patients died after surgery at KCH (eight from
sepsis and one from severe anemia) (Table 2).
In this study, we aimed to compare the outcomes of
appendectomy for AA in high-, middle-, and low-
income countries. We found that in Malawi, as com-
pared with the United States and Argentina, the time
from presentation to surgical intervention and the
mortality associated with AAwere significantly higher.
We identified that prolonged time from symptom
onset to presentation at the hospital and prolonged
time from hospital presentation to surgical intervention
are major contributors to the increased mortality. In
most countries in sub-Saharan Africa, surgical care is
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usually concentrated in central urban tertiary hospi-
tals that are inaccessible to patients who are unable
or unwilling to travel. For those patients who do
reach a health facility, they often arrive at a relatively
advanced state of disease when the curative window
may have passed. Health-seeking behaviors are also
influenced by other factors, such as gender in-
equalities, educational attainment, awareness, and
cultural beliefs. For instance, we noticed a gender
disparity in our study, with significantly fewer
women undergoing surgery for AA as compared with
the United States and Argentina. There is still a
prevailing patriarchal culture in some low-income
countries that preclude women to seek care without
the permission from their husbands. Waiting for
permission, if received, further delays the time to
presentation.
Differences in mortality outcome between the coun-
tries can also be attributable to the disparities in health-
care workforce. Malawi has 0.43 surgeons/100,000
population, much fewer than the 10 surgeons/100,000
population in Argentina, and 65 surgeons/100,000 pop-
ulation in the United States, which means fewer opera-
tions can take place concurrently at KCH.2 Surgeon’s
volume also plays a role; for instance, a surgeon in
Malawi has many other duties and has more patients to
look after than his/her counterpart in United States or
Argentina. In addition, nurse to patient ratio is signifi-
cantly different. As of 2010, there were 0.3 nurses and
midwives/1,000 population in Malawi, 4.2 nurses and
midwives/1,000 population in Argentina, and 9.8 nurses/
1,000 population in the United States.3 Furthermore,
theaters availability and hospital efficiency and organi-
zation may even play larger roles.
The successful management of AA requires early
and accurate diagnosis. In low-income countries, the
experience of medical and surgical staff is extremely
heterogeneous. This leads to diagnostic uncertainty,
leading to inappropriate periods of observation,
prolonged resuscitation, and/or inappropriate dis-
charge of the patients. Although imaging technology
has facilitated the early diagnosis of AA, it is often
not available in low-income countries. In our study,
for example, the use of ultrasound and CT was sig-
nificantly more frequent in the United States and
Argentina than in Malawi. The classical clinical
features may only be present in a third of the patients
in Malawi, many of whom present with nonspecific
abdominal pain. Therefore, the clinical diagnosis
may be more challenging in these populations. In
addition, prevalent infectious diseases such as
schistosomiasis, abdominal tuberculosis and human
immunodeficiency virus may further add to the di-
agnostic complexity. Hence, increasing the accessi-
bility to imaging studies in low-income countries
could reduce the morbidity and mortality associated
with AA.
Laparoscopic appendectomy has obtained wide ac-
ceptance over the last two decades and became the
standard of care in many centers around the world.
The laparoscopic approach has indeed shown several
advantages such as decreased recovery time, shorter
TABLE 1. Patient Demographics and Preoperative Variables
UNC, n 4 611 HA, n 4 261 KCH, n 4 127
Gender: n (%)
Male 322 (52.7) 134 (51.3) 92 (72.4)
Female 289 (47.3) 127 (48.7) 35 (27.6)
Race: n (%)
White 362 (59.3) 261 (100) 0 (0)
Black 60 (9.8) 0 (0) 127 (100)
Hispanic 137 (22.4) 0 (0) 0 (0)
Asian 23 (3.8) 0 (0) 0 (0)
Others 23 (3.8) 0 (0) 0 (0)
Age: Mean (SD) 39 (17) 37 (17) 32 (15)
Initial WBC: Mean (SD) 13.4 (4.4) 13.1 (4.2) 12.4 (7.1)
Ultrasound: n (%) 51 (8.3) 261 (100) 35 (27.6)
CT Scan: n (%) 579 (94.8) 71 (27.2) 4 (3.1)
TABLE 2. Surgical Approach and Postoperative Outcomes
UNC, n 4 611 HA, n 4 261 KCH, n 4 127
Surgical approach: n (%)
Laparoscopic 560 (91.7) 260 (99.6) 0 (0)
Open 12 (2) 1 (0.4) 127 (100)
LOS: Median (IQR) days 1 (1–2) 1 (1–1) 7 (4–9)
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hospital stay, decreased rate of wound infection, as well 
as the possibility of using this approach as a diagnostic 
tool.4 Although the vast majority of appendectomies 
in the United States and Argentina were performed 
laparoscopically (91.7% and 99.6%, respectively), all 
appendectomies at KCH were performed with an 
open approach. Unfortunately, the use of laparoscopy 
is still aspirational in many low-income countries 
because of the restricted access to laparoscopic equip-
ment due to expense, lack of formal training in mini-
mally invasive surgery, and because more advanced 
disease states may actually make a laparoscopic ap-
proach prohibitive.
In conclusion, mortality from AA is significantly 
higher in Malawi than both in the United States and 
Argentina. This is mostly attributable to delayed op-
erative intervention due to prehospital and in-hospital 
factors. Investment in a health-care system that prior-
itizes surgical care and has a developed national sur-
gical plan will help ameliorate surgical outcomes in 
resource-poor settings.
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